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0 A method of manufacturing an article by superplastic forming and diffusion bonding. 
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0 A plurality of titanium sheets (42.44.46) are as- 
sembled into a stack (40). At least one of the sheets 
(44.46) is provided with a stop off material (56.58) on 
one of its surfaces (50,54) to prevent diffusion bond- 
ing at predetermined positions. The edges of the 
sheets (42.44^46) are welded together and a pipe 
(72) is welded to the stack (40) to interconnect with 
the stop off material (56.58) to form a sealed assem- 
bly. The assembly is heated and externally pres- 
surised to diffusion bond the sheets (42,44,46) to- 
gether. The integral structure so formed Is heated 
and opposite ends of the integral structure are twist- 
ed relatively to contour the integral structure to a 
predetermined shape. The integral structure is inter- 
nally pressurised to break the adhesive t)onds. The 
integral structure is heated and intemally pressurised 
to superplasticaliy form one sheet to produce an 
article e.g. a fan blade. 
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The present invention relates to a niethod of 
manufacturing an article t)y superplastic forming 
and diffusion bonding. 

It is Itnown to manufacture hollow metallic arti- 
cles by superplastic forming and diffusion bonding 
metal workpieces. These metal workpieces include 
elementary metal, metal alloys and metal matrix 
composites. At least one of the metal workpieces 
must be capable of superplastic extensions. 

In one known process the surfaces of the work- 
pieces to be joined are cleaned, and at least one 
surface of one or more of the workpieces Is coated 
in preselected areas with a material to prevent 
diffusion bonding. The workpieces are arranged In 
a stack and the edges of the workpieces are weld- 
ed together, except where a pipe is wekjed to the 
workpieces, to form an assembly. The pipe enables 
a vacuum, or inert gas pressure, to be applied to 
the interior of the assembly. The assembly is 
placed in an autoclave and heated so as to "bake 
out" the binder from the material to prevent diffu- 
sion bonding. The assembly is then evacuated, 
using the pipe, and the pipe is sealed. The sealed 
assembly is placed in a pressure vessel and Is 
heated and pressed to diffusion bond the wortc- 
pieces together to form an integral structure. Diffu- 
sion bonding occurs when two mating surfaces are 
pressed together under temperature, time and 
pressure conditions that allow atom interchange 
across ttie interface. The first pipe is removed and 
a second pipe is fitted to the diffusion bonded 
assembly at the position where the first pipe was 
located. The integral structure is located between 
appropriately shaped dies and is placed within an 
autoclave. The integral structure and dies are heat- 
ed and pressurised fluid is supplied through the 
second pipe into the interior of the integral struc- 
ture to cause at least one of the workpieces to be 
superplastically formed to produce an article 
matching the shape of the dies. 

The present invention seeks to provide a novel 
method of manufacturing a contoured article by 
superplastic forming and diffusion bonding. 

Accordingly the present invention provides a 
method of manufacturing an article by superplastic 
forming and diffusion bonding at least two metal 
workpieces comprising the steps of 

(a) applying a stop off material to prevent diffu- 
sion bonding to preselected areas of at least 
one of the surfaces of at least one of the at least 
two metal workpieces, 

(b) assembling the at least two workpieces into 
a stack relative to each otiier so that the sur- 
faces are in mating abutment, 

(c) applying heat and pressure across the thick- 
ness of the at least two workpieces to diffusion 
bond the at least two woritpieces together in 
areas other than the preselected areas to form 



an integral structure, 

(d) heating the Integral structure and applying 
loads to opposite ends of the integral structure 
to twist one end relative to the other end to 

5 contour the integral structure to a predetermined 
shape, 

(e) internally pressurising the integral structure 
to break the adhesive bond t)etween the stop off 
material and the at least one workpiece in the 

10 preselected areas, 

(f) heating tiie integral structure and intemally 
pressurising it to cause the preselected areas of 
at least one of the wori^pieces to k>e super- 
plastically formed to produce an article of pre- 
ys determined shape. 

Preferably after internally pressurising the in- 
tegral structure to break the adhesive bond and 
t)efore intemally pressurising the integral structure 
to superplastically form at least one workpiece the 

20 interior of the integral structure is sequentially 
evacuated and supplied with inert gas to remove 
oxygen from the interior of the integral structure. 

Preferably the step of sequentially evacuating 
and supplying inert gas to the interior of the in- 

25 tegral structure to remove oxygen is performed a 
plurality of times. 

The present invention also provides a method 
of manufacturing an article by superplastic forming 
and diffusion bonding at least two metal work- 

30 pieces, each of the metal woricpieces having at 
least one flat surface, the mettiod comprising tiie 
steps of 

(a) applying a stop off material to prevent diffu- 
sion bonding to preselected areas of at least 

35 one of the flat surfaces of at least one of the at 
least two metal workpieces, 

(b) assembling the at least two workpieces into 
a stack relative to each other so that the flat 
surfaces are in mating abutment. 

40 (c) sealing the edges of the at least two work- 
pieces together, except where a pipe is to be 
inserted, and joining a pipe to the stack to 
provide a sealed assembly, 

(d) sequentially evacuating the interior of the 
45 sealed assembly and supplying inert gas to the 

interior of the sealed assembly through the pipe 
to remove oxygen from the interior of the sealed 
assembly, 

(e) placing the sealed assembly in an oven while 
50 continuously evacuating the sealed assembly, 

(f) heating the healed assembly while it is within 
the oven to evaporate volatile binder from the 
stop off material while continuously evacuating 
the sealed assembly to remove the volatile bind- 

55 er from between the at least two metal work- 
pieces of the sealed assembly, 

(g) sealing the pipe, 
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(h) applying heat and pressure across the thick- 
ness of the at least two workpieces to diffusion 
bond the at least two workpieces together In 
areas other than the preselected areas to form 
an integral structure, 

(i) heating the integral structure and applying 
loads to opposite ends of the integral structure 
to twist one end relative to the other end to 
contour the integral structure to a predetermined 
shape, 

(j) internally pressurising the integral structure to 
break the adhesive bond t)etween the stop off 
material and the at least one workplece in the 
preselected areas, 

(k) heating the integral structure and internally 
pressurising it to cause the preselected areas of 
at least one of the workpieces to be super- 
plastically formed to produce an article of pre- 
determined shape. 

Preferably, before the pipe is sealed, the seal- 
ed assembly is cooled whilst the sealed assembly 
is continuously evacuated. 

Preferably after intemally pressurising the in- 
tegral structure to break the adhesive bond and 
before intemally pressurising the integral structure 
to superplastically form at least one workpiece the 
interior of the integral structure is sequentially 
evacuated and supplied with inert gas to remove 
oxygen from the interior of the integral structure. 

Preferably the step of sequentially evacuating 
arKJ supplying inert gas to the Interior of the in- 
tegral structure to remove oxygen is performed a 
plurality of times. 

Preferably the edges of the workpieces are 
welded together. 

Preferably the step of sequentially evacuating 
the interior of the sealed assembly and supplying 
inert gas to the interior of the sealed assembly 
through the pipe to remove oxygen from the inte- 
rior of the sealed assembly is performed a plurality 
of times. 

Where the workpieces are made of a titanium 
altoy. the workpieces are heated to a temperature 
equal to or greater than 850°C and the pressure 
applied is equal to or greater than 20 x 1(f Nm"^ 
to diffusion bond tiie workpieces together to form 
an integral structure. 

Preferably the workpieces are heated to a tem- 
perature between 900°C and 950°C and the pres- 
sure applied is between 20 x 10^ Nm'^ and 30 x 
10^ Nm^2 

The integral structure is heated to a tempera- 
ture equal to or greater than 850^ to super- 
plastically form the integral structure. 

Preferably the integral structure is heated to a 
temperature between 900°C and 950°C. 

Preferably the integral structure is heated to a 
temperature of 800°C for twisting the opposite ends 



of the integral structure. 

Preferably before the opposite ends of the in- 
tegral structure are twisted the integral structure is 
heated and a load is applied to one end of the 
5 integral structure to camber saki end. 

The present invention will be more fully de- 
scribed by way of example with reference to the 
accompanying drawings, in which: 

Figure 1 is a diagrammatic view of an integral 
10 structure formed by diffusion bonding a stack of 
workpieces before and after twisting according 
to the present invention, 

Rgure 2 Is a part cross-sectional view of a 
machine tool used for twisting the integral struc- 
75 ture according to the present invention, 
Rgure 3 is a view on line 3^ of figure 2, 
Rgure 4 is a view on line 4-4 of figure 2, and 
Rgure 5 illustrates an exploded view of a stack 
of workpieces which are superplastically formed 
20 and diffusion bonded to form an article accord- 
ing to the present invention. 
Figure 6 is a cross-section through tiie integral 
structure after the diffusion bonding, twisting and 
superpiastic fonning steps of the present inven- 
25 tion have been performed. 

In Rgure 5, three sheets of titanium alk>y 42,44 
and 46 are assembled into a stack 40. 

Prior to assembling the sheets 42,44 and 46 
into the stack 40, the mating surfaces 48,50,52 and 
30 54 of the sheets 42,44 and 46 are prepared for 
diffusion bonding by chemical cleaning. One of the 
mating surfaces 48 and 50 in this example, mating 
surface 50, has had a stop off material applied, and 
one of the mating surfaces 52 and 54, in this 
35 example mating surface 54. has had a stop off 
material applied. It is to be noted that the mating 
surfaces 48, 50, 52 and 54 of the sheets 42, 44 
and 46 are substantially flat. The stop off may 
comprise powdered yttria in a binder and solvent 
40 e.g. the stop off known as "Stopyt 62A" which is 
sold by an American company named GTE Service 
Corporation of 100 Endicott Street, Danvers, 
MA10923, USA. 

The stop off material is applied in desired 
45 patterns 56 and 58, shown as the shaded areas in 
Rgure 5, by the known silk screen printing pro- 
cess. The desired patterns 56 and 58 of stop off 
material prevent diffusion bonding between 
preselected areas of the sheets 42,44 and 46. In 
50 this example the stop off is applied in straight lines, 
but it may be applied as dots or other suitable 
patterns depending on the particular article to be 
manufactured. The three sheets of titanium alloy 
42,44 and 46 are then assembled into the stack 40. 
55 The sheet 42 has a pair of dowel holes 60 which 
are axially aligned with corresponding dowel holes 
62 in sheet 44 and with corresponding dowel holes 
64 in sheet 46 to ensure the correct positional 
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relationship between the three sheets 42,44 and 46 
in the stack 40. The sheets 42.44 and 46 are 
maintained in this positional relationship by a pair 
of dowels (not shown) which are inserted in the 
axially aligned dowel holes 60,62 and 64. 

The sheets 42,44 and 46 of the stack 40 are 
placed together to trap an end of a pipe 72. In this 
example a groove 66 is machined on surface 48 of 
sheet 42, a slot 68 is machined through sheet 44 
and a groove 70 Is machined on surface 54 of 
sheet 46. The slot 68 in sheet 44 extends between 
the surfaces 50 and 52 to interconnect the pattern 
of stop off between the sheets 42 and 44 with the 
pattern of stop off between sheets 44 and 46. The 
pipe 72 Is positioned so as to project from between 
the tiiree sheets 42,44 and 46. One end of the pipe 
72 interconnects with the pattern of stop off ma- 
terial between the sheets 42 and 44 and also witii 
the pattern of stop off material between sheets 44 
and 46. In this example grooves 66.68 and 70 are 
machined in the sheets 42.44 and 46. On comple- 
tion of the assembly in the manner described it is 
welded atx>ut its periphery so as to weld the edges 
of sheets 42 and 44 togetiier, and so as to weld the 
edges of sheets 44 and 46 togetiier. The pipe 72 is 
also welded around its periphery to the sheets 
42,44 and 46. A sealed assembly is formed except 
for the inlet provided by the pipe 72. 

It is of course possible to machine grooves on 
the mating surfaces of one pair of sheets to trap an 
end of a pipe, and to provide apertures, or slots, 
through one of these sheets to interconnect with 
the stop off patterns between all the sheets. As a 
further attemative it is possible to machine grooves 
on each set of mating surfaces of the sheets to 
trap the end of a respective pipe. In this variant a 
number of pipes are required. In the last two pos- 
sibilities it is possible to machine the grooves in 
one, or both, of the mating surfaces. 

The pipe 72 is then connected to a vacuum 
pump which is used to evacuate the Interior of the 
sealed assembly and then inert gas, for example 
argon, is supplied to the interior of the sealed 
assembly. This process of evacuating and sup- 
plying inert gas to the interior of the sealed assem- 
bly may be repeated several times in order to 
ensure that most, or substantially all, traces of 
oxygen are removed from the interior of the sealed 
assembly. The particular number of times that the 
interior of the sealed assembly is evacuated and 
purged with inert gas depends upon the size of the 
woricpieces and upon the required integrity of the 
finished component. The smaller the traces of oxy- 
gen remaining, the greater the quality of the the 
subsequent diffusion bond. The inert gas is sup- 
plied to pressurise the interior of the sealed assem- 
bly to atmospheric pressure. 



The sealed assembly is evacuated and is 
placed into an oven. The sealed assembly is then 
heated to a temperature between 250^0 and 350^0 
to evaporate the binder from tiie stop off material. 

5 During the baking out of the binder, the sealed 
assembly is continuously evacuated to remove the 
binder from between the sheets. After the binder 
has been removed, which is determined either by 
monitoring the binder levels in the gas extracted 

10 from the sealed assembly or by maintaining the 
sealed assembly at the temperature between 
25(f*C and 350^ for a predetermined time, the 
sealed assembly is removed from the oven and is 
allowed to cool to ambient temperature whilst t)eing 

IS continuously evacuated. The binder is t>aked out of 
the sealed assembly at a suitably low temperature 
to reduce, or prevent, oxidation of the exterior 
surface of the sealed assembly. 

The pipe 72 is tfien sealed so that there is a 

20 vacuum in the sealed assembly. The sealed as- 
sembly is then transfenred carefully to an autoclave 
because tiie stop off is brittie and easily damaged. 
Alternatively a predetermined amount of binder 
may be left in the stop off material, so that the stop 

25 off is not to tNTittie, to enable the sealed assembly 
to be transferred to the autoclave without damage 
to ihe stop off. 

The temperature in the autoclave is increased 
such that the sealed assembly is heated to a 

30 temperature greater than 850^ and the argon 
pressure in the autoclave is raised to greater than 
20 atmospheres, 294 pounds per square inch 
(20.26 X 10^Nm~^ and held at that temperature 
and pressure for a predetermined time. Preferably 

35 the sealed assembly is heated to a temperature 
between 900°C and 950°C and the pressure is 
t>etween 294 pounds per square inch (20.26 x 
lO^Nm"^ and 441 pounds per square inch (30.39 
X 10^ Nm^^. For example if the sealed assembly is 

40 heated to 925**C and the pressure is raised to 
300lbs/sq.in the temperature and pressure are held 
constant for about 2 hours. The pressure is then 
reduced to ambient, diffusion tx)nding having been 
achieved and the sealed assembly, which is then 

45 an integral structure, is removed. 

The mating surfaces 48, 50. 52 and 54 of the 
sheets 42. 44 and 46 are substantially flat, to 
ensure that good quality diffusion bonds are pro- 
duced between the sheets. The argon supplied to 

50 pressurise the sealed assembly is an isostatic 
pressure and because tiie mating surfaces 48. 50, 
52 and 54 are flat this ensures that the pressure at 
all points on the mating surfaces 48, 50, 52 and 54 
is the same to give uniform high quality diffusion 

55 bonds at all points on these surfaces. 

It is also possible to transfer the sealed assem- 
bly direcUy to the autoclave, immediately after the 
the pipe 72 is sealed without the requirement to 



4 



7 



EP 0 568 201 A1 



8 



cool the sealed assembly to ambient temperature, 
however some cooling of the sealed assembly may 
occur. 

The integral structure 10 is then placed into a 
twisting machine, as shown in figures 1 to 4. which 
is described more fully in our UK Patent No 
GB2073831B the contents of which are incorpo- 
rated herein by reference. One end of the integral 
structure 10, an end which is sut)sequently to form 
the root portion of a blade, is located fc>etween a 
pair of relatively movable dies 14.16. The opposite 
end of the integral structure 10 is located in a slot 
22 in a rotary memt)er 18. The integral structure 10 
is then heated to temperature of 800°C and a load 
is applied to the end of the integral structure 10 by 
the dies 14,16 in order to form a camber on the 
end of the Integral structure 10 gripped by the dies 
14,16. After a camber has been formed at one end 
of the integral structure 10. the opposite end of the 
integral structure 10 is rotated by the rotary mem- 
t)er 18 so as to twist the integral structure 10 into 
substantially the desired shape for the dies used 
during the superplastic forming process. 

In some circumstances it may be necessary to 
hot creep form the twisted integral structure using 
the dies of a hot creep forming press to adjust the 
shape of the twisted integral structure to the de- 
sired shape lor the dies used during the super- 
plastic forming process. It is to be noted that the 
dies of the hot creep forming press are arranged to 
contact the integral structure in regions which will 
not form a part of the resulting blade and which will 
subsequently be removed. Altematively the twisted 
integral structure may be hot creep formed using 
the dies used during the superplastic forming pro- 
cess. During the hot creep forming process the 
integral structure is heated to a temperature of 
740°C. 

The pipe 72 is removed and a second pipe is 
fitted to the integral structure, and argon is intro- 
duced into the areas, within the integral structure, 
containing the stop off in order to break the adhe- 
sive grip which the diffusion t)onding pressure has 
brought about The argon is carefully introduced to 
those areas which contain the stop off, and the 
argon seeps through the stop off and eventually 
reaches the opposing end of the integral structure. 
The argon may initially be caused to travel be- 
tween one pair of workpieces and on reaching the 
opposite end return to the inlet end t)etween an- 
other pair of workpieces. In any event, the argon 
must travel the whole length of the interior of the 
integral structure such as to break the adhesive 
grip t)etween the stop off and the sheets brought 
at)out during the diffusion bonding step. 

This step is carried out at room temperature 
because the metal is elastic at room temperature 
and the minimal extenston which occurs does not 



go beyond the elastic limit. Consequentiy. the in- 
tegral structure regains its shape when pressure is 
removed at the end of the step. If tills step is 
attempted whilst the structure is at the common 

5 diffusion fc>onding and superplastic forming tem- 
perature, there is a serious risk of progressive 
plastic deformation lengthwise of the integral struc- 
ture, rather than simultaneous deformation over the 
whole structure. In such circumstances, rupturing of 

10 the integral structure frequently occurs. 

It is very important that the integral structure 
10 is twisted before the argon is introduced Into the 
integral structure 10. to break the adhesive grip 
brought about by the diffusion bonding pressure, in 

75 the areas containing the stop off. Twisting the in- 
tegral structure 10 at this stage does not impair the 
structural integrity of the resulting finished article. 
Whereas twisting the integral structure 10 after the 
adhesive grip, brought about at>out by diffusion 

20 bonding pressure, has t>een broken may result in 
impaired structural integrity of the resulting finished 
article. 

The second pipe is then connected to a vacu- 
um pump which is used to evacuate the interior of 

25 the sealed assembly and then inert gas, for exam- 
ple argon, is supplied to the interior of the integral 
structure. This process of evacuating and supplying 
inert gas to the interior of the integral structure may 
be repeated several times in order to ensure that 

30 most, or substantially all, traces of oxygen are 
removed from the interior of the integral structure. 
The particular numt)er of times that the interior of 
the integral structure is evacuated and purged with 
inert gas depends upon the size of the workpieces 

35 and upon the required integrity of the finished 
component. The inert gas Is supplied to pressurise 
the interior of the integral structure to atmospheric 
pressure. 

The integral structure is placed k)etween appro- 

40 priately shaped split dies positioned within an auto- 
clave. The integral structure is again heated to a 
temperature greater than 850°C. preferably be- 
tween 900** and 950^ In this example, the dies and 
integral structure and heated to 925X. Argon is 

45 introduced into the interior of the Integral structure 
between the adjacent sheets, so as to force the 
outer sheets 42,46 into the respective die half 
shapes which generates an intemal structure de- 
pending on the pattern of the applied stop off. 

50 The magnitude of the movement of at least one 
of the sheets during defonmation. is such as to 
require superplastic extension to occur. The term 
"superplastic" is a standard term in the metal for- 
ming art and will not be described herein. 

55 The introduction of argon into the interior of the 
integral structure 10 between tiie sheets forms one 
or more more cavities 82. or chambers, within the 
integral structure 80 at tiie preselected areas of the 
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sheets where stop off is applied, as seen in figure 
6. The sheet 44 is expanded superplasticalty by 
the pressure of the argon to generate the internal 
structure, indicated by web members 84, depend- 
ing upon the pattern of the applied stop off ma- 
terial. 

In order to achieve superplastic forming without 
rupturing the thinning metal the argon is introduced 
in a series of pulses, at a pre-calculated rate which 
will achieve a desired strain rate, as is taught at pp 
615-623 in the book "The Science, Technology 
and Application of Titanium" edited by R.LJaffe 
and N.E.Promisel, published by Pergamon Press in 
1970, which is hereby incorporated by reference. 
The method ensures that the metal is subjected to 
that strain rate which will achieve the maximum 
permissible speed of extension at any given point 
in the procedure. The rate of application, and/or 
volume of the pulses of the gas pulses may thus 
vary during the expansion of the sheets. 

On completion of superplastic forming, tfie In- 
ert argon atmosphere within the integral structure is 
maintained whilst the structure is cooled. This in- 
tegral structure may be the finished article, or 
some final machining of the integral structure may 
be required to produce the finished article. 

In an alternative method, the stack 40 is pre- 
pared in the same manner as descrit)ed previously. 
The stack 40 is then placed in a vacuum chamkier. 
The vacuum chamber is evacuated to evacuate the 
interior of the stack and then inert gas, for example 
argon, is supplied to the vacuum chamber to purge 
the interior of the stack. This process of evacuating 
and supplying inert gas to the interior of the stack 
may be repeated several times in order to ensure 
that most, or substantially all, traces of oxygen are 
removed from the interior of the stack. The particu- 
lar numt>er of times that the interior of the stack is 
evacuated and purged with inert gas depends upon 
the size of the workpieces and upon the required 
integrity of the finished component. The inert gas is 
supplied to pressurise the interior of the vacuum 
chamber and stack to atmospheric pressure. 

The vacuum chamber and the interior of the 
stack are then evacuated. The stack is heated to a 
temperature between 250**C and 350°C to evap- 
orate the binder from the stop off. During the 
baking out of the binder, the vacuum chamber is 
continuously evacuated to remove the binder from 
tjetween the sheets and from the vacuum chamt)er. 
After the binder has been removed, the edges of 
the titanium sheets are welded together, for exam- 
ple by an electron beam, to provide a sealed 
assembly. 

The sealed assembly is then transferred to an 
autoclave and the temperature In the autoclave is 
increased such that the sealed assembly Is heated 
to a temperature greater than 850**C and the argon 



pressure in the autoclave is raised to greater than 
294 pounds per square inch (20.26 xlO^Nm**^ and 
held at that temperature and pressure for a pre- 
determined time. Preferably the sealed assembly is 

5 heated to l>etween 900°C and 950°C and the pres- 
sure is between 294 pounds per square inch (20.26 
x 10^Nm~^ and 441 pounds per square inch 
(30.39 X Itf Nm"2). The pressure is then reduced 
to ambient, diffusion bonding having been achieved 

10 and the sealed assembly, which is then an Integral 
structure is removed. 

Alternatively after the binder has been removed 
the titanium sheets may be diffusion t>onded to- 
gether without the need to weld the edges of the 

IS titanium sheets. 

Folk)wing diffusion t)onding the integral struc- 
ture is processed in the same manner as described 
previously. 

Although the description has refenred to 

20 titanium sheets or titanium workpieces the present 
invention is equally applk:able to woritpleces of 
other elementary metals, metal alloys and metal 
matrix composites which are diffusion bondable 
and one of the workpieces must be capable of 

25 superplastic extension. Aluminium and stainless 
steel are capable of superplastic extension at suit- 
able temperatures and pressures. 

The method is suitable for manufacturing fan 
blades, fan duct outlet guide vanes etc. for gas 

30 turt>ine engines. 

Although the description has referred to a stack 
of three metal sheets it is possible to use stacks 
comprising two metal sheets or stacks comprising 
four or more metal sheets depending upon the 

35 particular article to be manufactured. 

Claims 

1. A method of manufacturing an article by super- 
40 plastk: forming and diffusion bonding at least 
two metal workpieces (42,44,46) comprising 
the steps of 

(a) applying a stop off material to prevent 
diffusion tx)nding to preselected areas 

45 (56,58) of at least one of the surfaces 

(50,54) of at least one of the at least two 
metal workpieces (42,44,46), 

(b) assembling the at least two workpieces 
(42,44,46) into a stack (40) relative to each 

50 other so that the surfaces (48,50,52,54) are 

In mating abutment, 

(c) applying heat and pressure across the 
thtekness of the at least two woricpieces 
(42,44.46) to diffusion bond the at least two 

55 workpieces (42,44.46) together in areas oth- 

er than the preselected areas (56,58) to 
form an integral structure (10), 
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(d) heating the integral structure (10) and 
applying loads to opposite ends of the in- 
tegral structure (10) to twist one end relative 
to the other end to contour the integral 
structure (1 0) to a predetermined shape, s 

(e) internally pressurising the integral struc- 
ture (10) to break the adhesive bond be- 
tween the stop off material and the at least 
one workpiece (42,44,46) in the preselected 
areas (56,58), io 

(f) heating the integral structure (10) and 
internally pressurising it to cause the 
preselected areas (56,58) of at least one of 
the workpleces (44) to be superplastically 
formed to produce an article of predeter- is 
mined shape. 

2. A method as claimed in claim 1 including after 
internally pressurising the Integral structure 

(10) to break the adhesive bond and before 20 
internally pressurising the integral structure 
(10) to superplastically fomn at least one work- 
piece (44) sequentially evacuating and sup- 
plying inert gas to the interior of the integral 
structure (10) to remove oxygen from the Inte- 2s 
nor of the integral structure (10). 

3. A method as claimed in claim 2 in which the 
step of sequentially evacuating and supplying 
inert gas to the Interior of the integral structure so 
(10) to remove oxygen is performed a plurality 

of times: 

4. A method of manufacturing an article by super- 
plastic fonming and diffusion bonding at least 35 
two metal wortipieces (42,44.46), each of the 
metal workpieces (42,44,46) having at least 

one flat surface (48,50,52,54), tiie method 
comprising the steps of 

(a) applying a stop off material to prevent 40 
diffusion tx3nding to preselected areas 
(56,58) of at least one of tiie flat surfaces 
(46.50.52.54) of at least one of the at least 

two metal workpieces (42,44,46), 

(b) assembling the at least two workpieces 4S 
(42,44,46) into a stack (40) relative to each 
other so that the flat surfaces (48.50,52,54) 

are In mating abutment, 

(c) sealing the edges of the at least two 
workpieces (42,44,46) together, except so 
where a pipe (72) is to be inserted, and 
joining a pipe (72) to the stack (40) to 
provide a sealed assembly, 

(d) sequentially evacuating the interior of 

the sealed assembly and supplying inert 55 
gas to the Interior of the sealed assembly 
through the pipe (72) to remove oxygen 
from the Interior of the sealed assembly. 



(e) placing the sealed assembly in an oven 
while continuously evacuating the sealed 
assembly, 

(f) heating the sealed assembly while it is 
within the oven to evaporate volatile binder 
from the stop off material while continuously 
evacuating the sealed assembly to remove 
the volatile binder from between the at least 
two metal workpieces (42,44,46) of the seal- 
ed assembly, 

(g) sealing the pipe (72). 

(h) applying heat and pressure across the 
thickness of the at least two workpieces 
(42.44.46) to diffusion bond the at least two 
workpieces 42,44,46) together in areas other 
than the preselected areas (56,58) to fonm 
an integral structure (10), 

(i) heating the integral structure (10) and 
applying loads to opposite ends of the in- 
tegral structure (10) to twist one end relative 
to the other end to contour the integral 
structure (10) to a predetermined shape, 

(i) internally pressurising the integral struc- 
ture (10) to break the adhesive bond be- 
tween the stop off material and the at least 
one workpiece (42,44.46) in the preselected 
areas (56,58), 

(k) heating the integral structure (10) and 
internally pressurising it to cause the 
preselected areas (56,58) of at least one of 
the workpieces (44) to be superplastically 
formed to produce an article of predeter- 
mined shape. 

5. A method as claimed in claim 4 wfterein before 
the pipe (72) is sealed, the sealed assembly is 
cooled whilst the sealed assembly is continu- 
ously evacuated. 

6. A method as dainied In claim 4 or claim 5 
including after intemally pressurising the in- 
tegral structure (10) to break the adhesive 
bond and before intemally pressurising the in- 
tegral structure (10) to superplastically form at 
least one workpiece (44) sequentially evacuat- 
ing and supplying inert gas to the interior of 
ttie integral structure (10) to remove oxygen 
from the interior of the integral structure (10). 

7. A method as claimed in claim 6 in which tiie 
step of sequentially evacuating and supplying 
inert gas to the interior of the integral structure 
(10) to remove oxygen is performed a plurality 
of times. 

8. A method as claimed in claim 4, claim 5, claim 
6 or claim 7 comprising welding the edges of 
the workpieces (42,44,46) together. 
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a A method as claimed in claim 4. ciaim 5, claim 
6, claim 7 or claim 8 wherein the stack (40) is 
heated to a temperature between 250°C and 
350^0 to evaporate the volatile binder from the 
stop off material. 

10. A method as claimed In any of claims 1 to 9 
wherein, where the workpieces (42,44,46) are 
made of a titanium alloy, heating the work- 
pieces to a temperature equal to or greater 
than 850°C and applying a pressure equal to 
or greater than 20 x 10^ Nm"^ to diffusion 
bond the workpieces (42,44.46) together to 
form an integral structure (10). 



19. A method as claimed in claim 5 in which the 
sealed assembly is cooled to ambient tem- 
perature. 

5 20. A method as claimed in any of claims 1 to 19 
wherein the step of internally pressurising the 
integral structure (10) to break the adhesive 
bond between the stop off and the at least one 
workpiece (42,44,46) is carried out at a tem- 

70 perature at which the metal Is elastic. 

21. A method as claimed in claim 20 in which the 
temperature is room temperature. 



11. A method as claimed In claim 10 wherein the 
workpieces (42,44,46) are heated to a tempera- 
ture between 900°C and 950°C and the pres- 
sure applied is between 20 x 10^ Nm"^ and 30 
X 10P Nm-2. 20 



12. A method as claimed in claim 10 or claim 11 
wherein the integral structure (10) is heated to 
a temperature equal to or greater than 850*^ 

to superplastically form the integral structure 25 
(10). 

13. A method as claimed in claim 12 wherein the 
integral structure (10) is heated to a tempera- 
ture between 900*^} and 950*^. 30 

14. A method as claimed in claim 4 in which the 
step of sequentially evacuating the interior of 
the sealed assembly and supplying inert gas 

to the interior of the sealed assembly through as 
the pipe (72) to remove oxygen from the inte- 
rior of the sealed assembly is performed a 
plurality of times. 

15. A method as claimed In any of claims 1 to 14 40 
in which the integral structure (10) is heated to 

a temperature of 800*'C for twisting the op- 
posite ends of the integral structure (10). 

16. A method as claimed in any of claims 1 to 15 45 
including before the opposite ends of the in- 
tegral structure (10) are twisted, heating and 
applying a load to one end of the integral 
structure (10) to camber said end. 

50 

17- A method as claimed in any of claims 1 to 16 
including holding one end stationary and rotat- 
ing the other end to twist the integral structure 
(10). 

56 

1& A method as claimed in any of claims 1 to 17 
in which the article is a fan blade. 
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